Purpose To describe the natural history of diabetic macular edema (DME) with respect to best-corrected visual acuity (BCVA) and central retinal thickness (CRT) outcomes and to identify baseline patient characteristics and systemic factors associated with improvement or worsening of outcomes in sham-treated patients. Methods The study population was sham-treated patients (n = 350) in the 3-year MEAD registration study of dexamethasone intravitreal implant for treatment of DME. Patients had center-involved DME and received sham intravitreal injections in the study eye at ≥ 6-month intervals. Potential prognostic factors for outcomes were evaluated using multiple linear regression analysis.
Introduction
Diabetic macular edema (DME) is a manifestation of diabetic retinopathy (DR) and the major cause of central vision loss among patients with DR. The pathogenesis of DME, although not completely understood, is believed to involve multiple interacting pathways related to hyperglycemia [1] . Free radical and advanced glycation end products, inflammatory processes, and vascular endothelial growth factor (VEGF) have all been implicated in the breakdown of the blood-retinal barrier that results in vascular leakage and retinal thickening in DME [1, 2] . A moderate negative correlation has been demonstrated between central retinal thickness (CRT) measured on optical coherence tomography (OCT) and best-corrected visual acuity (BCVA) in patients with DME [3] .
Several systemic risk factors for the development of DME have been identified. A meta-analysis of results from 20 population-based studies, in which DR and DME were determined from fundus photographs using consistent, rigorous methods, identified a longer duration of diabetes, higher glycosylated hemoglobin (HbA1c) levels, and hypertension as significant risk factors for DME in adults with diabetes [4] . There was also an association between higher blood cholesterol levels (total cholesterol ≥ 4 mmol/L) and a higher prevalence of DME [4] . Total-to-HDL (high-density lipoproteins) ratio and LDL (low-density lipoproteins) have also been shown to be significant risk factors for the development of DME [5] . Consistent with these findings, in a recent study using a health claims database, lipid-lowering medication use was associated with a decreased incidence of DME [6] . Other potential systemic risk factors for DME include age, sleep apnea, pregnancy, anemia, lack of glycemic control, duration of diabetes, nephropathy/microalbuminuria, systemic fluid retention in congestive heart failure or renal disease, and use of the glitazone (thiazolidinedione) class of oral antihyperglycemic medications [7] [8] [9] [10] [11] .
Systemic factors such as lack of glycemic control might also be associated with the severity of DME and with visual and anatomic outcomes after treatment. In a prospective study in 52 patients with DME, higher HbA1c was associated with both worse CRT and worse BCVA [12] . Higher HbA1c was also associated with worse CRT after surgical treatment (pars plana vitrectomy with internal limiting membrane peeling) of 44 eyes with DME [13] . In a retrospective series of 124 patients with DME treated with anti-VEGF therapy, patients with lower HbA1c at baseline demonstrated better improvement in both BCVA and CRT after anti-VEGF treatment [14] . However, in the RISE/RIDE registration studies of ranibizumab for treatment of DME, no associations were found between baseline systemic factors (including HbA1c and blood pressure) and BCVA improvement after 24 months of treatment [15] . Baseline HbA1c in the RISE/RIDE studies was required to be ≤ 12% [16] , and there were no differences in outcomes among ranibizumab-treated patients in the 4 quartiles of baseline HbA1c (≤ 6.6%, > 6.6 to 7.4%, > 7.4 to 8.5%, and > 8.5%) [17] .
Current therapy for diabetes aims for glycemic control and management of hypertension and serum lipids to decrease the risk of complications including DME [18] . However, the extent to which systemic factors such as hypertension and hyperlipidemia might exacerbate pre-existing DME has not been well studied. The objectives of this study were to describe the natural history of DME with respect to BCVA and CRT outcomes and to identify baseline patient characteristics and systemic factors that are associated with improvement or worsening of outcomes in patients with no active treatment. The study population was the sham treatment group of the 3-year MEAD registration study [19] of dexamethasone intravitreal implant for treatment of DME.
Methods
This was a post hoc analysis of efficacy outcomes and factors associated with efficacy outcomes in patients assigned to the sham group in the 3-year, randomized, multicenter, doublemasked registration study (MEAD) of dexamethasone intravitreal implant for treatment of DME. The MEAD study was conducted from February 2005 to June 2012 at 131 sites in 22 countries. The study comprised two trials (ClinicalTrials.gov NCT00168337 and NCT00168389) with identical protocols, and the results were pooled for analysis. The study methods and patient selection were reported previously [19] [20] [21] [22] and are described briefly below. The study was conducted in accordance with the principles of the Declaration of Helsinki, and the study protocol was approved by an institutional review board or independent ethics committee at each site. All patients provided written informed consent.
Patients included in the study were adults diagnosed with type 1 or 2 diabetes mellitus and fovea-involved macular edema. BCVA in the study eye, measured with the Early Treatment Diabetic Retinopathy Study (ETDRS) method, was required to be between 34 and 68 letters (20/200 and 20/50), and CRT in the 1-mm central macular subfield of the study eye was required to be ≥ 300 μm on time-domain OCT. Key exclusion criteria included uncontrolled diabetes (HbA1c > 10%) or other systemic disease, glomerular filtration rate (GFR) < 50 mL/min, treatment with intravitreal anti-VEGF within the 3 months before study entry, treatment with intravitreal triamcinolone within the 6 months before study entry, intraocular laser treatment within the 90 days before study entry, a history of pars plana vitrectomy in the study eye, and active iris or retinal neovascularization in the study eye.
Patients in the sham group received sham procedure (a needleless implant applicator was pressed against the conjunctiva of the study eye) no more frequently than every 6 months. Patients were followed for 36 or 39 months. All patients who required rescue treatment in the study eye were exited from the study before receiving the rescue treatment. Patients who had a loss in BCVA from baseline of 15 or more letters in the study eye, which was confirmed at two consecutive visits at least 4 weeks apart, were exited from the study at the discretion of the investigator. The main efficacy measures were BCVA in the study eye, measured with the ETDRS method at every study visit, and CRT in the 1-mm central macular subfield of the study eye, measured with timedomain OCT (Stratus OCT2 or OCT3) every 3 months. OCT images were evaluated by a central reading center (University of Wisconsin Fundus Photograph Reading Center, Madison, WI). DR was graded using the ETDRS Final Retinopathy Severity Scale [23] condensed to 9 severity categories [21] , with scores of ≤ 6 representing severity up to severe nonproliferative DR (NPDR) and scores > 6 representing mild proliferative DR (PDR) or worse severity.
All analyses in the present report used observed values, with no imputation for missing values, in the intent-to-treat population. Visual outcomes analyzed in study eyes were mean change in BCVA from baseline at each study visit, percentage of patients with at least 15-letter improvement in BCVA, distribution of patients by BCVA change from baseline (> 10-letter gain, 5-10-letter gain, no change [< 5 letters gain or loss], 5-10-letter loss, or > 10-letter loss), and average change in BCVA from baseline during the study period evaluated with the time-adjusted area-under-the-curve (AUC) approach. Anatomic outcomes evaluated in study eyes were mean change in CRT from baseline at each study visit, percentage change in CRT from baseline in patients stratified by baseline CRT (≤ 400 or > 400 μm), percentage of patients with CRT < 300 μm, and percentage of patients with at least two-step progression in DR severity from baseline. Additional analyses compared blood pressure, HbA1c, and GFR change from baseline at study exit between patients who discontinued from the study and patients who completed the study. Time to discontinuation because of lack of efficacy was evaluated with Kaplan-Meier survival analysis.
Multiple linear regression analysis was used to evaluate potential prognostic factors of BCVA change from baseline to the last available visit, average BCVA change from baseline during the study (AUC approach), and CRT change from baseline at the last available visit. The final models were developed using the stepwise selection method with the entry P value criterion set at 0.10. The variables evaluated as potential factors in the models were baseline patient characteristics including demographics (age, race, gender), body mass index (BMI), HbA1c (≤ 8% vs > 8%), systolic blood pressure, diastolic blood pressure, GFR, duration of diabetes, history of hypertension, and history of hypercholesterolemia; baseline study eye characteristics including lens status, DR severity (≤ 6 vs > 6), duration of DME, previous treatment for DME, and BCVA (in the models for BCVA change from baseline) or CRT (in the model for CRT change from baseline); and parameters during the study including use of aspirin or other platelet aggregation inhibitor, use of glitazone, use of medication to treat dyslipidemia, adverse event reports of dyslipidemia (blood cholesterol increased, blood triglycerides increased, low-density lipoprotein increased, hypercholesterolemia, dyslipidemia, hyperlipidemia, or hypertriglyceridemia), number of antihypertensive medications used, and change in HbA1c from baseline at the last visit. Platelet aggregation inhibitors, glitazones, medications used to treat dyslipidemia, and antihypertensive medications are listed in Appendix 2. All analyses were performed using SAS software version 9.3 (SAS Inc., Cary, NC).
Results
Baseline characteristics of the 350 patients in the sham group of the MEAD study are listed in Table 1 . The attrition rate was high in large part because of the requirement for patients to exit the study before receiving rescue treatment. Within the sham group, 152 (43.4%) patients completed the 3-year study and 198 (56.6%) patients discontinued from the study; the most common reason for early exit from the study was lack of efficacy (84 [24.0%] patients). Kaplan-Meier analysis indicated that the rate of discontinuations because of lack of efficacy was highest at months 6 and 12 ( Fig. 1 ).
Analysis of blood pressure, HbA1c, and GFR change from baseline at the last available visit showed no clinically significant differences in these parameters between sham patients who left the study early (n = 198) and sham patients who completed the study (n = 152) ( Table 2 ). In contrast, visual and anatomic outcomes at the last available visit were poorer in patients who left the study early than in patients who completed the study (Table 2) . At baseline, patients who left the study early and patients who completed the study had similar mean BCVA (56.7 and 57.2 letters, respectively) and CRT (476 and 442 μm, respectively). However, at the last available visit, mean BCVA was 54.1 and 62.0 letters, respectively, and mean CRT was 458 and 308 μm, respectively ( Table 2) .
Mean (median) HbA1c for all patients was 7.5% (7.3%) at baseline (n = 349) and 7.8% (7.6%) at the study end (n = 147).
Visual outcomes
Analysis of the mean change in BCVA from baseline at scheduled study visits showed a small but significant improvement in BCVA in sham-treated patients throughout the study. Mean changes in BCVA from baseline were similar regardless of baseline lens status (phakic or pseudophakic) ( Fig. 2a ). The mean improvement in BCVA was approximately 1-3 letters during the first 12 months of the study and increased during the second and the third year of the study ( Fig. 2a ). However, this increase resulted from patient selection rather than from continued improvement in BCVA, because almost half of the sham-treated patients had discontinued from the study by month 15, and BCVA outcomes on average were poorer in patients who discontinued from the study than in patients who completed the study (Fig. 2b ). The mean (± SD) change in BCVA from baseline in sham-treated patients using last available postbaseline data (usually collected at the month 36/39 or early exit visit) was + 4.8 ± 13.0 letters (range − 57 to + 30, n = 152) in patients who completed the study and − 2.8 ± 13.5 letters (range − 66 to + 29, n = 188) in patients who exited the study early. The mean (± SD) change in BCVA from baseline among all sham-treated patients at their last visit with available data was + 0.9 ± 13.2 letters (n = 349).
Favorable visual outcomes in some patients despite the lack of active treatment were also seen in the analysis of percentage of patients who had at least 15-letter BCVA gains from baseline. On average, patients in the sham group had at least 15-letter BCVA improvement from baseline at 9.7% of their follow-up visits (range 0 to 100%). The mean (standard error of the mean, SEM) average change in BCVA from baseline during the study in sham-treated patients, evaluated using the AUC approach, was 2.0 (0.43) letters [19] .
Evaluation of the distribution of patients with gain, loss, or no change (< 5 letters) in BCVA from baseline showed that at each visit, < 20% of patients with available data had a loss in BCVA of 5 letters or more ( Fig. 3 ). The percentage of patients with a > 10-letter gain in BCVA increased during the study period, consistent with the findings that on average, patients who exited the study early had poorer BCVA outcomes. At their last visit with available data (typically at month 36/39 or early exit, n = 349), 37.5% of patients had no change in BCVA from baseline, 14.3% had a 5-10-letter gain, 23.2% had a > 10-letter gain, 8.9% had a 5-10-letter loss, and 16.0% had a > 10-letter loss. 
Anatomic outcomes
Analysis of the mean change in CRT from baseline at scheduled visits suggested continual improvement in CRT through month 33 of the study, when the mean change in CRT from baseline was − 150 μm ( Fig. 4 ). However, almost two thirds of patients had missing data at month 33, and the early exit of sham patients with less favorable anatomic improvement resulted in greater apparent improvement in CRT in the remaining patients at visits in the second and the third year of the study. The mean (± SD) change in CRT from baseline using last available postbaseline data was − 131 ± 173 μm in patients who completed the study (range − 783 to + 462, n = 148) and − 12 ± 171 μm in patients who exited the study early (range − 479 to + 478, n = 178). The percentage change in CRT from baseline was greater in patients with baseline CRT > 400 μm than in patients with baseline CRT ≤ 400 μm ( Fig. 5 ). For patients with baseline CRT > 400 μm, mean CRT at baseline was 536 μm, and the mean (± SD) percentage change in CRT from baseline at patients' final postbaseline evaluation was − 20.1% ± 33.3% (n = 196). For patients with baseline CRT ≤ 400 μm, mean CRT at baseline was 328 μm, and the mean (± SD) percentage change in CRT from baseline at patients' final postbaseline evaluation was − 2.2% ± 45.3% (n = 120).
The percentage of patients with CRT < 300 μm in the study eye increased during the study period (figure in Online Resource 1). At their last visit with data available, CRT in the study eye was < 300 μm in 41.5% of patients.
The figure in Online Resource 2 shows the mean change in DR severity from baseline at follow-up evaluations. Among all patients with DR severity assessed and recorded, only 6.5% (16 of 248 patients) had at least a two-step increase in DR severity from baseline at their last visit with data available. Table 3 shows the full model of factors associated with BCVA change from baseline at the last available visit. Age, hypertension, baseline DR severity score, and baseline BCVA were identified as significant prognostic factors in the final model after stepwise selection (Table 4 ). BCVA gain from baseline at the last visit was 5.8 letters worse in patients with a history of hypertension versus patients with no history of hypertension. Older patients also had less favorable BCVA outcomes: each 10-year increase in patient age was associated with 2.9 letters worse BCVA gain from baseline at the last visit. Less severe DR was associated with better improvement in BCVA: a DR severity score of ≤ 6 at baseline was associated with 4.3 letters greater BCVA gain at the last visit compared with a DR severity score of > 6. A 10-letter higher BCVA score at baseline was associated with 2.8 letters worse BCVA gain from baseline at the last visit, suggesting a possible ceiling effect.
Factors predictive of outcomes
The full model of factors associated with the average BCVA change from baseline during the study (AUC approach) is shown in Table 5 . Similar to the final model for BCVA change from baseline at the last visit, the final model for average BCVA change from baseline identified age, baseline DR severity score, and baseline BCVA as significant prognostic factors (Table 6 ). Each 10-year increase in patient age was associated with 1.6 letters less average gain in BCVA during the study, a DR severity score ≤ 6 at baseline was associated with 3.2 letters greater average BCVA improvement during the study, and a 10-letter higher BCVA score at baseline was associated with 2.1 letters worse average improvement in BCVA during the study, again suggesting a possible ceiling effect. Table 7 shows the full model for the change in CRT from baseline at the last available visit. Age, baseline GFR, baseline CRT, and number of antihypertensive medications used BCVA best-corrected visual acuity, CRT central retinal thickness, GFR glomerular filtration rate, HbA1c glycosylated hemoglobin, SD standard deviation during the study period were identified as significant prognostic factors in the final model after stepwise selection (Table 8) .
Older patients had less improvement in CRT: each 10-year increase in patient age was associated with a 32-μm less reduction in CRT from baseline at the last visit. Higher baseline GFR also predicted less reduction in CRT from baseline at the last visit, with each 10 mL/min increase in baseline GFR associated with an 11-μm less reduction in CRT from baseline. Thicker baseline CRT predicted better reduction in CRT, with each 10-μm increase in CRT at baseline associated with a 4.6-μm greater reduction in CRT from baseline at the last visit. Use of antihypertensive medications during the study was also associated with better improvement in CRT: each additional medication used was associated with a 16-μm greater reduction in CRT from baseline at the last visit.
Discussion
The present analysis evaluated BCVA and CRT outcomes in sham-treated patients with DME followed for up to month 36/ 39 in the MEAD study. The results showed significant variability in the natural history of DME in these patients. At each visit during the first year of follow-up, patients were most likely to have no change in BCVA from baseline, but some patients had significant improvement in BCVA of more than 10 letters, and others had significant worsening in BCVA of more than 10 letters. Patients with poorer outcomes tended to exit the study early to receive rescue treatment. Baseline factors significantly associated with greater improvement in BCVA in the patients were younger age, lower DR severity score, and lower BCVA. The absence of a history of hypertension was also significantly associated with greater improvement in BCVA at the last available visit. With respect to anatomic outcomes, baseline factors associated with greater reduction in CRT from baseline were younger age, lower baseline GFR, and thicker CRT. Use of a larger number of antihypertensive medications during the study predicted better improvement in CRT.
Because of the availability of effective pharmacologic treatments for DME, we anticipate that there will not be opportunities in the future to study the natural history of DME and investigate relationships of systemic factors to improvement or worsening of DME in untreated patients. The sham group in the MEAD study, comprising patients who underwent sham procedures to maintain masking of patients and investigators, may be the last study population with DME that is followed for years without any active treatment, and that, therefore, could provide information regarding the natural history of DME. Changes in BCVA from baseline were similar in baseline phakic and pseudophakic eyes in these patients, suggesting that cataract development and surgery were not significant factors affecting BCVA outcomes. At their last visit with data available, 41.5% of patients had achieved CRT of < 300 μm and 23.2% of patients had achieved a > 10-letter gain in BCVA from baseline, suggesting that retinal edema may significantly improve or resolve spontaneously in some patients, with accompanying gains in visual acuity. However, the mean change in BCVA from baseline at the last available visit was only + 0.9 letters. These results reinforce the need for treatment to improve BCVA in patients with DME. Prompt treatment is recommended, because there was evidence in the RISE/RIDE registration studies of ranibizumab that delay in anti-VEGF treatment of DME may lead to worse outcomes [24] . 
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Completed Discontinued
Patients who completed the study n Patients who discontinued from the study n The requirement for patient discontinuation from the study before receiving rescue treatment influenced the mean changes in BCVA and CRT from baseline that were observed in the second and the third year of follow-up, because patients with poor outcomes frequently exited the study early. The missing data from these patients led to apparent improvements in visual and anatomic outcomes that did not reflect the natural history of DME in the total sham group, but instead reflect the natural history of DME in the subgroup of patients who did not discontinue from the study because of lack of efficacy or other reasons. To use data from as many patients in the sham group as possible, despite the high rate of discontinuations, the endpoints chosen for the models evaluating potential baseline and systemic factors associated with patient visual and anatomic outcomes were BCVA and CRT at the last visit with available data (rather than at month 36/39) and average change in BCVA from baseline across the study period.
Several studies have suggested a relationship between use of glitazones and the occurrence of DME [10, 11] , but findings have been inconsistent, with a large longitudinal study reporting no significant association between glitazone use and the incidence of DME in type 2 diabetes patients [25] . In the MEAD study, the availability of repeated clinical assessments over a period of 3 years allowed the evaluation of potential risk factors for the improvement or aggravation of DME. A total of 55 (15.7%) patients in the sham group used a glitazone during the study period. Our analysis found no association It is well accepted that maintaining low HbA1c levels and near-normal blood pressure lowers the risk of the development and progression of DR [26] . However, there is a lack of evidence that interventions to reduce blood pressure are effective in reducing the risk of clinically significant DME [27] . In our analysis, history of hypertension was a significant factor predicting less improvement in BCVA at the last available visit, but was not significant in the model for average change in BCVA over the study period. Interestingly, the number of antihypertensive medications used during the study had a significant association with the reduction in CRT at the last available visit, suggesting that interventions to reduce blood pressure might be helpful in reducing retina edema.
There is evidence of a possible association between serum lipids and DME [4, 5] , and studies have further suggested that use of lipid-lowering medications might reduce the incidence BCVA best-corrected visual acuity, DR diabetic retinopathy of DME [6, 28] . A study in 1011 patients with type 2 diabetes showed a relationship between lipid profiles and HbA1c levels [29] . Serum triglyceride levels were significantly higher and levels of high-density lipoprotein were significantly lower in patients with HbA1c ≤ 6% compared with patients with HbA1c > 6% [29] . Therefore, a possible confounding effect of hyperglycemia on serum lipids needs to be considered when evaluating the relationship between lipid profiles and DME. In our analysis, history of hypercholesterolemia, adverse event reports of dyslipidemia during the study, and use of medications to treat dyslipidemia during the study were not significant independent risk factors predicting BCVA or CRT outcomes. However, in the full model of average BCVA change (AUC approach), there was a trend for an association between use of medications to treat dyslipidemia and a 2.2letter larger gain in BCVA (P = 0.083).
A recent study similar to the present study reported factors associated with BCVA and CRT outcomes at month 24 in patients treated with monthly sham injections in the RISE/RIDE trials [30] . Higher baseline BCVA, thinner were associated with a ≥ 15-letter loss in BCVA from baseline at month 24; and lower baseline BCVA, thinner baseline CRT, and statin use were associated with resolution of edema (CRT ≤ 250 μm) at month 24 [30] . The study population in RISE/RIDE [16] appeared similar in baseline characteristics to the study population in MEAD [19] ; however, laser rescue treatment was allowed in RISE/RIDE, and sham-treated patients received a mean of 1.6 (RIDE) or 8.8 (RISE) laser treatments (range 0-7) between study baseline and month 24 [16] . The extent to which laser treatments may have affected outcomes and the identification of prognostic factors for outcomes in the sham group of RISE/RIDE is unknown. Consistent with the report from the RISE/RIDE studies, our analysis identified older age as a significant factor associated with worse improvement in BCVA from baseline across the follow-up period and at the last visit with available data. Consistent with these findings, older age was also associated with worse improvement in CRT from baseline at the last visit with available data.
Our evaluation of factors associated with outcomes in sham-treated patients with DME in the MEAD study had several limitations. Because of the limited size of the study population and the patient selection criteria used in the MEAD study, not all factors that have been reported to be risk factors for DME, or that are likely to exacerbate DME, could be investigated. For example, pregnancy is a potential risk factor for DME [7] , but women who were pregnant or could potentially become pregnant were excluded from MEAD. In addition, both obstructive sleep apnea [7] and anemia [31] have been reported to be risk factors for DME, yet the numbers of patients with sleep apnea and anemia in the sham group in the MEAD study were too small for meaningful analysis. The number of patients with vitreomacular adhesion similarly was too small for meaningful analysis. Laboratory data on serum lipid profiles were not collected, so any association between lipid profiles and exacerbation of DME could not be investigated. Finally, patients with HbA1c > 10% or GFR < 50 mL/min were excluded from the study, and patients in the study were monitored frequently and were encouraged to control their diabetes. This likely limited our ability to detect the influence of glycemic control and nephropathy on outcomes. Our findings are applicable to patients with characteristics similar to those of the patients who participated in the MEAD study, i.e., patients with center-involved DME who do not have uncontrolled diabetes, uncontrolled other systemic disease, or active retinal neovascularization.
Because many patients with poor outcomes exited the study early, it is difficult to draw conclusions regarding the overall vision of the untreated sham-control group. The last available data for patients showed a mean change in BCVA from baseline of + 0.9 letters, with 37.5% of patients having no change in BCVA from baseline. Furthermore, visual outcomes in this group may not reflect the natural history of DME in a broader patient population, because glycemic control is likely to be improved in patients enrolled in a clinical trial. With the advent of anti-VEGF therapies and long-acting dexamethasone implants, the vision of diabetics with central macular edema has significantly improved. The sham-treated group in the MEAD study has shown the importance of hypertension, renal disease, and starting vision and CRT as markers for progression. Older age and baseline DR score > 6 were identified as significant risk factors for worse average change in BCVA across the study period. Thicker baseline CRT and a larger number of antihypertensive medications used were significant factors associated with better improvement in CRT during the study period. Open Access This article is distributed under the terms of the Creative Comm ons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
